proposed an improved multi-target classification model for human breast and colon cancer-related accuracies of the models were 90.0% for a linear forward stepwise model. Both models presented 1 3 5 linear relationships between graph-based protein sequence descriptors and BC, and unbalanced 1 3 6 datasets. Thus, the aim of this study was to obtain an effective machine learning classification model 1 3 7 to predict BC-related proteins screening cancer immunotherapy proteins (CIPs), metastasis driver For nonlinear problems, SVM uses Gaussian radial basis (RBF) as nonlinear kernels. Logistics regression (LG) is another linear classifier that is able to calculate probability of a binary 1 7 3 response using weights [59] . Multilayer perceptron (MLP) represents a basic neural network with one 1 7 4 8 hidden layer and with an ability to combine linear and nonlinear functions inside artificial neurons 1 7 5 [60] . Decision tree (DT) (DecisionTreeClassifier) represents a tree-type structure of decision rules 1 7 6 obtained from the inputs [61] . Random forest (RF) is an ensemble method that combines parallel Tables S1 and S2 detail the sets and FASTA sequences of BC-related proteins and non-cancer 1 8 8 proteins, respectively. (Tables S3-S5) . After the calculation of amino acid composition descriptors, the datasets contained 376 proteins. The BC class was labeled with 1 and non-cancer class with 0. Several preprocessing was done before any features with zero variance. All feature values were normalized to values between 0 and 1 using 1 9 9 9 MinMax() scaler. A SMOTE filter was used [69] to balance the dataset. The performance of the 2 0 0 models used Area Under the Receiver Operating Characteristics (AUROC) [70] metrics and 3-fold 2 0 1 cross-validation (CV) method. The best model to be used for predictions was chosen using criteria 2 0 2 such as mean AUROC, standard deviation (SD) of AUROC, and the number of features. All the 2 0 3 results can be reproduced by using the scripts and datasets at https://github.com/muntisa/neural- networks-for-breast-cancer-proteins. After the screening of the three cancer-related protein sets through the ML model, the proteins related 2 0 7 to breast cancer were analyzed by using g:Profiler (https://biit.cs.ut.ee/gprofiler/) in order to obtain 2 0 8 significant annotations (FDR < 0.001) related to GO terms and pathways [35, 41, 68] . Finally, a complementary analysis was done using data of genetic alterations (putative mutations, The current work proposes better classification models to predict new breast cancer proteins using six For the first models, we used the pool of features for the six sets of descriptors without any feature 2 2 8 selection or dimension reduction with 12 ML methods (Fig. 2) . We can observe that with a big number 2 2 9 of descriptors in TC and Mix (over 8000), it is possible to obtain mean AUROC values greater than 2 3 0 0.9 with SVM linear, LR, and MLP. Even with 20 AC descriptors and XGB it is possible to obtain a 2 3 1 mean AUROC of 0.857. But we tried to improve this performance and we applied univariate feature 2 3 2 selection or PCA dimension reduction to reduce the number of inputs to a maximum of 300 features 2 3 3 (due to the small number of instances). BreastCancerPeptides.ipynb). Fig. 3 presents mean AUROC values for classifiers based on only 20 2 3 7 features: AC, DS-Best20, DC-PCA20, TC-Best20, TC-PCA20, APAAC-Best20, APAAC-PCA20, and GB. Additional results could be found in Table S6 . Best100, and Mix-PCA100. Two sets of descriptors with four ML methods are able to provide mean After obtaining the list of proteins predicted as BC-related, we performed a functional enrichment terms are fully detailed in Table S8 . Cancer immunotherapy is revolutionizing oncology. Given the success in achieving long-term durable 2 9 2 responses in numerous advanced and metastatic solid cancers, cancer immunotherapy sparked CIPs best related to BC according to our ML predictions were RPS27, SUPT4H1, CLPSL2, POLR2K, 2 9 5 RPL38, AKT3, CDK3, RPS20, RASL11A and UNTD1 (Table S3 ). For instance, Atsuta et al. The Pan-Cancer Atlas is the most sweeping cross-cancer analysis yet undertaken from The Cancer 2 9 9
Genome Atlas (TCGA) [12, 71, 72] . Even though, we performed an analysis to compare data of 3 0 0 genetic alterations from 981 BC patients [5, [12] [13] [14] . Fig. 7C details the frequency of genetic with the greatest number of genetic alterations were POLR2K, SNRPE, SUPT4H1, CHCD7, AURKA, 3 0 6 ACTL6A, AKT3, NUDT5, MRPL27 and POLR3F (Table S9) ( Fig. 7D ). Table S10 . spread, hindering effective treatment and prevention efforts [13, 68, 80] . Integrated analysis of multi-3 2 4 dimensional transcriptomic data is important to our understanding of cancer metastasis. Moreover, 3 2 5 these data would help us identify gene expression signature associated with metastasis in order to 3 2 6 choose appropriate treatment strategies [81, 82] . The 10 MDPs best related to BC according to our ML 3 2 7 predictions were S100A9, DDA1, TXN, PRNP, RPS27, S100A14, S100A7, MAPK1, AGR3 and 3 2 8 NDUFA13 (Table S4 ). For instance, Bergenfelz et al. suggested that S100A9 expressed in negative with the greatest number of genetic alterations were PIK3CA, ERBB2, BLC9, EIF4EBP1, AURKA, 3 3 8 UBE2V1, GNA13, AKT3, S100A14 and RPS27 (Table S9) (Fig. 8D ). and translation [74, 75] ; finally, the most significant WikiPathways were mRNA processing and 3 4 7 cytoplasmic ribosomal proteins [76] . The g:Profiler terms are fully detailed in Table S11 . The current work proposed better prediction models for breast cancer proteins using as inputs six sets 3 7 3 of protein sequence descriptors from Rcpi and 13 machine learning classifiers (with or without feature 3 7 4 selection/dimension reduction of features). We choose as the best classifier the MLP classifier. As The top 10 cancer immunotherapy proteins best related to BC were RPS27, SUPT4H1, CLPSL2, 3 7 9 POLR2K, RPL38, AKT3, CDK3, RPS20, RASL11A and UBTD1; the top 10 metastasis driver 3 8 0 proteins best related to BC were S100A9, DDA1, TXN, PRNP, RPS27, S100A14, S100A7, MAPK1, 3 8 1 AGR3 and NDUFA13; and the top 10 RNA-binding proteins best related to BC were S100A9, TXN, 
